ABSTRACT BACKGROUND Accurate knowledge of causes of sudden cardiac death (SCD) in athletes and its precipitating factors is
Criteria for defining specific cardiac pathologies have been previously described (6, 12) and are summarized in Table 1 . Sudden arrhythmic death syndrome (SADS) was a diagnosis of exclusion, defined as a structurally normal heart with no evident abnormality on macroscopic and histological evaluation and a negative result for toxicology screening (13) (14) (15) 
Morphologically normal heart
Normal Normal *Heart weight >400 g in women. †In this cohort, heart weight was normal in 39% of HCM cases. In a small proportion of cases, HCM was diagnosed on the basis of the presence of myocyte hypertrophy, myocardial disarray, and fibrosis on microscopy, despite normal heart weight and wall thickness on macroscopic evaluation.
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and adolescents compared to only 2% in adults >35 years of age. In contrast, diseases of the myocardium were more common in older athletes (Central Sudden death is shown in the overall population (A), in subjects <18 years of age (B), subjects 18 to 35 years of age (C), and subjects >35 years of age (D). In the overall population, the subgroup classified as "Other" (n ¼ 43) comprised: mitral valve abnormalities/prolapse; n ¼ 7, myocardial infarction with normal coronaries; n ¼ 4, bicuspid aortic valve; n ¼ 3, aortic dissection; n ¼ 3, cocaine/steroid use; n ¼ 2, cardiac sarcoidosis; n ¼ 1, atrium septal defect (ASD). In the remaining 23 cases, the cause of death could not be attributed to a single disease entity or condition and the post-mortem findings were considered of uncertain significance. LVH ¼ left ventricle hypertrophy; RV ¼ right ventricle. Table 3) .
DISCUSSION
This study reports on a large number of young athletes dying suddenly in the United Kingdom for whom all post-mortem examinations were conducted by a cardiac pathologist with expertise in conditions predisposing to SCD. In comparison to a smaller study published by our group (6), the large sample size of almost 70% competitive athletes allowed for a greater degree of certainty relating to the impact of specific pathologies associated with SCD during intensive exercise.
CAUSES OF SCD IN ATHLETES.
In agreement with our earlier study (6) and with studies in U.S. Histogram shows distribution of heart weights in the overall cohort. Individuals with a heart weight $500 g are represented in red columns.
Pie chart presents the cause of death in individuals with a heart weight $500 g (n ¼ 70). RV ¼ right ventricle. In this study, HCM contributed to only 6% of deaths. That is in contrast to the established perception that HCM is the commonest cause of SCD in athletes (4, 19) . This may partly reflect the stringent diagnostic criteria applied by our group, which requires the presence of >20% of myocardial disarray in at least 2 tissue blocks of 4 cm 2 (14) . In contrast, nonspecialist pathologists may attribute exerciseinduced adaptations such as LVH to HCM (7) without conducting a detailed histological analysis of the heart. This probability highlights the impor- EFFECT OF AGE. In agreement with previous studies (6, 24) , SADS exhibited a significant age predilection.
SADS accounted for more than one-half of all deaths in children and adolescents, but for only 26% of deaths in individuals older than 35 years of age. In contrast, myocardial disease was more prevalent with advancing age. ARVC, a condition commonly associated with SCD in young athletes, was rarely detected in children and adolescents (4%) but accounted 18% of deaths in individuals >35 years.
Our results are consistent with a large autopsy study in 200 cases of ARVC (25) , where the average age of death was at 33 years and almost 40% of deaths occurred after age 35. Interestingly, ARVC was associated with an increased heart weight in 25% of cases.
RELATIONSHIP BETWEEN SUDDEN CARDIAC DEATH AND EXERCISE. As reported previously (4, 26) , we demonstrated that SCD in athletes occurs more frequently during exercise. The strongest predictor for SCD during exertion was ARVC. Athletes with ARVC were 6 times more likely to die on exertion compared to those with other cardiac pathologies CI ¼ confidence interval; other abbreviations as in Table 3 . 
PERSPECTIVES COMPETENCY IN MEDICAL KNOWLEDGE:
Causes of sudden death in athletes vary with age.
SADS is prevalent in children and adolescents, whereas cardiomyopathies are the most common cause in adults. ARVC is strongly associated with sudden death during exertion. Sudden Death in Athletes
